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• Best chance for life?



Europa: Astrobiological 
and Geophysical Wonderlandp y
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Europa Jupiter System Missionp p y

Key Questions:
D th J it t• Does the Jupiter system 
harbor habitable worlds?

• What are the processesp
operating within the Jupiter 
system?

OverarchingOverarching ThemeTheme::
The The EEmergence mergence ofof Habitable Habitable gg ff
Worlds Worlds AAround round GGas as GGiantsiants
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Habitable Worlds?

chemical
water

essential
elements

chemical
energy
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Planetary Processes
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Europa Jupiter System Mission
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EJSM synergistic science:  “1 + 1 = 3”EJSM synergistic science:  “1 + 1 = 3”



Science Definition Team 2010 Charter

• Recommend the science as a hierarchy of:
– Goals, Objectives, Investigations, 

MeasurementsMeasurements
• Advise on model instrument payloads
• Produce traceability matrix linking: 

science model pa loads– science, model payloads, 
ops scenarios, mission requirements

• Describe science-derived requirements 
It t i i t ithi t d• Iterate science requirements within study 
constraints 

• Improve definition and fidelity of dual-
ft i ti ispacecraft synergistic science

• Refine science requirements for Jovian tour 

July 27 ‐ 29, 2010 Pre‐Decisional ‐ For Planning & Discussion Only C‐14

JSDT finalizes its work this calendar yearJSDT finalizes its work this calendar year



Evolution of EJSM Science 
Goals and Objectives

NRC Decadal 
Survey (2011)

NASA, 
NRC

NRC Decadal 
Survey (2003)

JEO final 
report (2008)

EJSM Joint 
Summary 

Europa Explorer 
report (2007)

NRC, 
community 

reports

y
report (2008) EJSM SDT 

Report to 
NASA 
(2010)

EJSM Yellow 
Book Report 

to ESA 
(2010)

European 
community 

reports

JGO final 
report (2008)

ESA Cosmic 
Vision (2005)
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Mature science flowing from guiding documents &community inputMature science flowing from guiding documents &community input



EJSM Goals

1. Europa (JEO-focus): 
Explore Europa to 
investigate its habitabilityinvestigate its habitability

2 Ganymede (JGO focus):2. Ganymede (JGO focus): 
Characterize Ganymede as 
a planetary object including 
its potential habitabilityits potential habitability

3. Jupiter System (JEO + JGO):3. Jupiter System (JEO  JGO): 
Explore the Jupiter system 
as an archetype for gas giants
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EJSM addresses key Decadal Survey science prioritiesEJSM addresses key Decadal Survey science priorities



Science Traceability Structure: 
h d lTheme —> Model Instruments
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Science Traceability Structure: 
h d lTheme —> Model Instruments

Defined by JJSDT Examples presented 
b JJSDT
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Defined by JJSDT by JJSDT



EJSM Traceability: Europa (JEO focus)
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Europa Traceability Detail

Objectives    Investigations        Measurements...
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Note: Example is from 2008 JEO Study



JEO Model Payload

• Model payload is a 
proof-of-concept example

– Other instrument choices 
may be viable 

• Emphasizes accomplishingEmphasizes accomplishing 
Europa investigations

• Enables robust Jupiter 
system sciencesystem science

• The final selected payload
would probably be different 

*                                                

* No analogous instrument in JGO model payload
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Capable model payload with a conservative approachCapable model payload with a conservative approach



Links Between Investigations 
and Instruments: Europa Science Example

Primary
SecondarSecondary
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Multiple instruments would work together to address investigationsMultiple instruments would work together to address investigations
Note: Example is from 2008 JEO Study



Europa Objectives: 
Ocean • Ice • Composition • Geology • LocalOcean • Ice • Composition • Geology • Local

CompositionIceOcean

Local environmentGeology
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JEO would address fundamental Europa science from orbitJEO would address fundamental Europa science from orbit



Europa Objectives: 
Ocean • Ice • Composition • Geology • Local

Ocean & deeper interior:

Ocean • Ice • Composition • Geology • Local

p
• Gravitational tides
• Induced magnetic field
• Surface motion• Surface motion
• Dynamical rotation state
• Core, rocky mantle, 

rock ocean interfacerock-ocean interface, 
& ice compensation

G h i l t h i l th i t iG h i l t h i l th i t i

July 27 ‐ 29, 2010 Pre‐Decisional ‐ For Planning & Discussion Only C‐24

Geophysical techniques reveal the interior Geophysical techniques reveal the interior 



Europa Objectives: 
Ocean • Ice • Composition • Geology • Local

Ice shell & subsurface 
water:

Ocean • Ice • Composition • Geology • Local

water:
• Shallow water
• Ice-ocean interface
• Material exchange
• Heat flow variations

Mars N cap SHARAD
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Sounding profiles Sounding profiles would characterize the ice shell in 3 dimensions would characterize the ice shell in 3 dimensions 
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Multiple techniques constrain ice shell thickness Multiple techniques constrain ice shell thickness 



Europa Objectives: 
Ocean • Ice • Composition • Geology • Local

Gl b l f i i

Ocean • Ice • Composition • Geology • Local

Global surface composition:
• Organic & inorganic chemistry,

and volatile contentand volatile content 
• Relation to geological processes
• Radiation effects
• Exogenic materials
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Composition is key to understanding ocean habitability Composition is key to understanding ocean habitability 



Europa Objectives: 
Ocean • Ice • Composition • Geology • LocalOcean • Ice • Composition • Geology • Local

H2O in Enceladus plumemodel mass spectrumcandidate salts

INMS: 
sputtered particles

Stellar occultations: 
atmospheric species

mass (Daltons)

IR spectroscopy: 
surface constituents

MultipleMultiple techniques cantechniques can characterize and map compositioncharacterize and map composition

sputtered particles atmospheric speciessurface constituents
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Multiple Multiple techniques can techniques can characterize and map composition characterize and map composition 



Europa Objectives: 
Ocean • Ice • Composition • Geology • Local

Surface features, activity, 
& landing sites:

Ocean • Ice • Composition • Geology • Local

& landing sites:
• Formation & characteristics of 

landforms 
• Recent activity & potential future 

landing sites
• Constrain surface ages
• Erosion & deposition

mosaic by Orion
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JEO would decipher Europa’s varied and complex geologyJEO would decipher Europa’s varied and complex geology



Europa: 
Ocean • Ice • Composition • Geology • LocalOcean • Ice • Composition • Geology • Local

Local environment:
• Composition and dynamics of 

atmosphere and ionosphereatmosphere and ionosphere
• Bound and escaping neutral 

atoms and molecules
• Charged particle population
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The local environment links the surface and the magnetosphereThe local environment links the surface and the magnetosphere



EJSM Traceability: Ganymede (JGO focus)EJSM Traceability: Ganymede (JGO focus)
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JGO Model Payload

Model Instrument Acronym

Medium‐Res Camera & Wide Angle Camera WAC+MRC

Magnetometer MAG

Radio Science Transponder JRST

Visible InfraRed Hyperspectral Imaging  VIRHIS
Spectrometer

Plasma Package & Ion and Neutral Mass 
Spectrometer

PLP/INMS

Sub mm Instrument* SWISub‐mm Instrument SWI

Radio and Plasma Wave Instrument* RPWI

Narrow Angle Camera HRC

S b S f R d SSRSub‐Surface Radar SSR

Laser Altimeter LA

UV Imaging Spectrometer UVIS
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*No analogous instrument in JEO model payload



Ganymede Objectives: 
Ocean • Ice • Local • Geology • CompositionOcean • Ice • Local • Geology • Composition

Local environmentOcean Ice

Geology Composition
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JGO would characterize Ganymede in detail from orbit JGO would characterize Ganymede in detail from orbit 



Ganymede Objectives: 
Ocean • Ice • Local • Geology • CompositionOcean • Ice • Local • Geology • Composition

Ocean & relation to ice:
• Gravitational tides
• Induced magnetic field
• Surface motion
• Dynamical rotation stateDynamical rotation state
• Core & rocky mantle
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Ganymede’s ocean is deep and sandwiched between ice layersGanymede’s ocean is deep and sandwiched between ice layers



Ganymede Objectives: 
Ocean • Ice • Local • Geology • Composition

Ice shell:

Ocean • Ice • Local • Geology • Composition

Ice shell:
• Ice shell structure & shallow water
• Correlate surface & subsurface
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Multiple interrelated processes shaped the complex icy lithosphereMultiple interrelated processes shaped the complex icy lithosphere



Ganymede Objectives: 
Ocean • Ice • Local • Geology • CompositionOcean • Ice • Local • Geology • Composition

Local environment:
• Intrinsic & induced fields, with 

Composition
implications for deep interior

• Particle population and 
interactions

• Generation of aurora
• Sources & sinks of ionosphere 

& exosphere& exosphere 
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Ganymede’s intrinsic magnetic field is unique for a moonGanymede’s intrinsic magnetic field is unique for a moon



Ganymede Objectives: 
Ocean • Ice • Local • Geology • Composition

S f f t & ti it

Ocean • Ice • Local • Geology • Composition

Surface features & activity:
• Formation & characteristics of 

landforms
• Constrain surface ages
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Ganymede shows a rich array of icy satellite landformsGanymede shows a rich array of icy satellite landforms



Ganymede Objectives: 
Ocean • Ice • Local • Geology • Composition
Global surface composition:

Ocean • Ice • Local • Geology • Composition

• Organic & inorganic chemistry, 
and volatile composition 

• Relation to geological processesg g p
• Open vs. closed field line regions
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Composition is influenced by endogenic and exogenic processes Composition is influenced by endogenic and exogenic processes 



Jupiter System Objectives:  
Io • Callisto • Rings • Jupiter • MagnetosphereIo • Callisto • Rings • Jupiter • Magnetosphere

CallistoIo Rings & small satellites

Jovian magnetosphereJovian atmosphere
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The Jupiter system is rich in dynamic and coupled processesThe Jupiter system is rich in dynamic and coupled processes



EJSM Traceability:
Jupiter System Science (JEO + JGO)Jupiter System Science (JEO + JGO)
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EJSM Traceability:
Jupiter System Science (JEO + JGO)
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Jupiter System Objectives:  
Io • Callisto • Rings • Jupiter • Magnetosphere

Io’s active dynamic processes:
• Tidal heating & heat loss

Io • Callisto • Rings • Jupiter • Magnetosphere

g
• Composition, active volcanism, 

& geological history
• Dynamical rotation state

I t i t t• Interior state 
• Sources and sinks of volatiles 

& atmosphere
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Io is the tidal engine of the Laplace resonance Io is the tidal engine of the Laplace resonance 



Jupiter System Objectives:  
Io • Callisto • Rings • Jupiter • Magnetosphere

Callisto as a witness of the early jovian system:
• Gravitational tides and shape

Io • Callisto • Rings • Jupiter • Magnetosphere

• Gravitational tides and shape
• Induced magnetic field
• Icy shell structure
• Surface and volatile chemistry
• Dynamical rotation state 
• Interior structure 
• Ionosphere & exosphere 
• Relate composition to 

processes
• Constrain surface ages
• Geological processes
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Callisto preserves a remarkably primitive surface and interiorCallisto preserves a remarkably primitive surface and interior



Jupiter System Objectives:  
Io • Callisto • Rings • Jupiter • Magnetosphere

Rings & small satellites:
• Survey the ring‐moon system • Outer moon properties

Io • Callisto • Rings • Jupiter • Magnetosphere

Survey the ring moon system
• Dust dynamical processes 
• Inner moon properties

Outer moon properties
• Disk resolved irregular moon 

characterization (if feasible) 
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Ring, small satellite, & dust Ring, small satellite, & dust dynamics and evolution dynamics and evolution 



Jupiter System Objectives:  
Io • Callisto • Rings • Jupiter • Magnetosphere

thermosphereJovian atmosphere:
A h i d i

Io • Callisto • Rings • Jupiter • Magnetosphere

stratosphere

•  Atmospheric dynamics
& circulation

•  Atmospheric composition
& h i

p

NH

& chemistry

•  Atmospheric vertical structure

troposphere

NH3

NH4S
HH2
O
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Addresses unanswered questions and complements JunoAddresses unanswered questions and complements Juno



Jupiter System Objectives:  
Io • Callisto • Rings • Jupiter • Magnetosphere

Jovian magnetosphere:

Io • Callisto • Rings • Jupiter • Magnetosphere

• Magnetosphere as a fast magnetic rotator

• Magnetosphere as a giant accelerator

• Moons as sources and sinks of plasma

Probing theProbing the most powerful planetary magnetosphere most powerful planetary magnetosphere 
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gg p f p y g pp f p y g p
and its unique and its unique satellite satellite interactions interactions 



EJSM Synergistic Science

Illustrative
timeline
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EJSM Synergistic Science

Illustrative
timeline

Jupiter
Magnetosphere Studies
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EJSM Synergistic Science

Illustrative
timeline

Io Volcanism & 
Io Torus Dynamics

Jupiter
Magnetosphere Studies
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EJSM Synergistic Science

Illustrative
timeline

Io Volcanism & 
Io Torus Dynamics

Jupiter
Magnetosphere Studies

Satellite & Jupiter
Monitoring; Radio

Occultation Science
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EJSM Synergistic Science

Illustrative
timeline

Ganymede
Magnetosphere

Studies

Io Volcanism & 
Io Torus Dynamics

Jupiter
Magnetosphere Studies

Satellite & Jupiter
Monitoring; Radio

Occultation Science
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EJSM Science: Summary

• High‐level science goals trace 
from guiding documents
– Habitable worlds
– Jupiter system processes

• Scientific synergies across 
instruments and spacecraftinstruments and spacecraft
– Instruments would work together to 

address each science investigation
JEO and JGO would perform unique– JEO and JGO would perform unique 
dual‐platform synergistic science

• Exploring Europa, Ganymede, 
and the Jupiter System together
– One mission with two spacecraft
– Cooperation and collaboration 
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across the mission


